Introduction
Acute peripheral facial paralysis (APFP) refers to acute flaccid paralysis of ipsilateral facial expression muscles in the absence of central lesions [1] . The most common diagnoses leading to APFP include idiopathic Bell's palsy (BP) and Ramsay Hunt syndrome (RHS). The annual incidence of BP is 11.5-53.3 persons per 100,000, and the reactivation of herpes simplex virus type 1 is one of the most common causes. In addition, mite-transmitted infections such as infections with Borrelia burgdorferi in endemic areas or those with varicella-zoster virus (VZV) can also cause BP without skin lesions [2] [3] [4] [5] . RHS, which results in facial palsy and skin rash in the ear, is caused by the reactivation of latent VZV in the geniculate ganglion; this occurs most often in patients in their 20s and 30s.
Approximately 70% of patients with BP experience spontaneous recovery within 6 months even without treatment [5] . However, a recent guideline strongly recommends that steroids be prescribed within 72 h for patients over the age of 16 years [5] . In addition, patients with severe facial palsy should be treated with combined steroid-antiviral treatment [6] . The prognosis of RHS is worse than that of BP; without appropriate treatment, only 20% of patients do achieve complete recovery [7] . In general, combined steroid-antiviral treatment is used for treatment of RHS.
Aside from facial paralysis, patients with APFP (both BP and RHS) may experience various other symptoms including pain around the ear, facial numbness, change in taste, eye dryness, hearing disturbance, and dizziness [8] . According to the authors' clinical experience, patients with APFP may become very anxious in response to dizziness, as they often worry about it being a sign of a central brain lesion. Although there are many studies aiming to elucidate the prognostic factors of APFP, to For RHS, it has been suggested that the vestibular nerve and/or labyrinth are involved in the accompanying dizziness [9] . A three-dimensional fluid-attenuated inversion recovery magnetic resonance imaging (MRI) study revealed that the pre-contrast hyperintense signal in the cochlea, vestibule, and the vestibulocochlear nerve of RHS patients was correlated with presence of dizziness [10] . In addition, the different aspects of vestibular impairment and recovery were compared between RHS and other inner ear diseases such as vestibular neuritis (VN) or sudden deafness with vertigo [11, 12] . In contrast, the characteristics of dizziness in BP have rarely been studied.
In this study, we assessed the characteristics of APFP-associated dizziness by analyzing data of patients who had been treated for APFP with the aim of applying this information in the clinical setting.
Subjects and Methods

Ethical considerations
The Institutional Review Board of Eulji of University Hospital approved this study (IRB number: 2017-09-012). The board granted a waiver of written informed consent because of the retrospective nature of the study.
Patients
Data from patients who visited the otolaryngology outpatient clinic or emergency room (ER) at Eulji University Hospital for treatment of APFP and who were admitted to hospital for 1 week from 2014 to 2016 were analyzed in the study. Patient age, sex, APFP laterality, recurrence, degree of facial paralysis, diabetes, hypertension, and presence of pain around the ear were documented in addition to presence or absence of dizziness. If vesicles in the ear or oropharynx occurred before or during treatment, the patients were assigned to the RHS group; all other cases were assigned to the BP group.
The enrolled patients consisted of 53 men and 45 women with a mean±standard deviation age of 44±15.9 years (range: 10-77 years); 49 had left-sided and 49 had right-sided facial palsy. The mean period from onset to treatment was 2.32±2.24 days (range: 0-6). Among the patients, 5.1% (n= 5) had diabetes and 14.3% (n=14) had hypertension. Two patients had previous history of BP. Regarding final diagnosis, 69 patients had BP and 29 had RHS.
The initial degree of facial nerve paralysis was 3.01±0.753 according to the House-Brackmann (HB) scale (range: 2-5).
In total, 43.9% of patients (n=43) had pain around the ear. The mean hearing thresholds in the affected side was 18.6±19.01 dB, and this was significantly worse than that of the non-affected side (11.96±10.10 dB) (p<0.001).
Otoneurologic evaluation and bedside examination
Pure-tone audiometry, cervical vestibular-evoked myogenic potential (cVEMP) test, and electroneuronography (ENoG) were conducted in all patients. Pure-tone average was calculated using the mean of hearing thresholds at 500 Hz, 1, 2, and 3 kHz. For cVEMP tests, the latencies and amplitudes of the p13 and n23 waves were recorded with Navigator Pro software (Bio-logic Systems Corp, Mundelein, IL, USA) [13] . cVEMP asymmetry ratio was calculated using the following formula: (amplitudes difference/sum of amplitude)×100. ENoG was performed one time within three days from admission to hospital. Compound muscle action potential from the frontalis, orbicularis oculi, nasalis, orbicularis oris, and mentalis were recorded and the mean was calculated. The mean ENoG value, which indicates the degree of facial nerve degeneration, was 60.99±19.40%.
Bithermal caloric testing was performed in dizzy patients using water at temperatures of 44°C and 30°C and canal paresis (CP) was calculated using Jonkee's formula [9] . CP exceeding 25% was considered to be abnormal.
MRI to rule out a central lesion was performed in all patients; 44 patients who visited the ER underwent diffusion MRI, and MRI of the internal auditory canal with and without contrast was assessed in the 54 patients who visited the outpatient clinic. The enhancement of the facial nerve was defined if each segment showed a hyperintense signal on contrast-enhanced T1-weighted MRI compared to the pre-contrast image.
For dizziness, spontaneous nystagmus (SN) and head-shaking nystagmus (HSN) were assessed in all dizzy patients using infrared goggles (SLMED, Seoul, Korea) [9] .
Treatment regimens
All patients were treated with oral methylprednisolone (MPD) (48 mg/day for 4 days, followed by a tapering dose of 8 mg every 2 days). In patients weighing less than 60 kg, 0.8 mg/kg of MPD was prescribed for 4 days first and then tapered over time. In addition to MPD, 3,000 mg/day of oral valacyclovir was prescribed for 7 days for combined steroid-antiviral treatment. In patients aged <12 years, 40 mg/kg/day of acyclovir was administered intravenously for 5 days.
Evaluation of severity of facial paralysis
The degree of facial palsy was assessed using HB scale at the initial visit, and at weeks 2, 6, and 10-16 after treatment.
Final recovery was defined as HB I or II at week 10-16.
Statistical analysis
To test for normality, the Shapiro-Wilk test was performed. Two-tailed Fisher's exact test and/or the chi-square analysis was used for comparison of nominal variables. Student's t test and the Mann-Whitney U test were conducted to compare continuous variables between two groups. To identify the prognostic factors of the recovery of facial paralysis, backward conditional logistic regression analysis was performed with variables such as dizziness, diagnosis, hearing thresholds in the affected side, cVEMP asymmetry ratio, ENoG value, and the initial HB grade. All statistical analyses were performed using IBM SPSS Statistics for Macintosh, version 24.0 (IBM Corp., Armonk, NY, USA), and p values <0.05 were considered statistically significant.
Results
General characteristics of dizziness in acute peripheral facial palsy
Of the 98 patients, 15 (15.3%) had accompanying dizziness. We reviewed the medical records of 6 patients in which the nature of dizziness was fully described both in the hospitalization period and the outpatient clinic. Among the 6 patients, 83.3% (n=5) had rotatory vertigo and only 1 patient had non-rotatory lightheadedness. With respect to duration of dizziness, 66.6% (n=4) complained of continuous dizziness but 33.3% (n=2) had intermittent dizziness. With respect to aggravating factors, 50% (n=3) had no specific aggravating factors, and 2 patients (33.3%) reported that dizziness was exacerbated when they lay down on the bed and then arose. Change of head position was the aggravating factor in 1 patient. Dizziness was accompanied by nausea and vomiting in 83.3% (n=5), and 1 patient had lightheadedness alone. The dizziness in all patients disappeared with conservative treatment during the hospitalization period and did not require further treatment.
Age, sex, affected side, recurrence, diabetes, hypertension, and the initial severity of facial paralysis were not different according to presence of dizziness (p>0.05) ( Table 1) . However, 11 of 15 patients with dizziness (73.3%) had pain around the ear; this was more frequent compared with the 32 of 83 non-dizzy patients (38.6%) (p=0.012). In addition, the mean hearing threshold of patients with dizziness (27.53±23.93 dB) was worse than that of those without dizziness (16.99±17.66 dB) (p 0.048).
Results of otoneurologic examination in APFP patients with dizziness
On initial bedside examination of dizzy patients, SN and HSN was observed in 80% (n=12) and 66.7% (n=10), respectively. SN was observed in 4 of 6 in the BP group (66.7%) and 8 of 9 in the RHS group (88.9%). The character of SN was horizontal-torsional nystagmus beating to healthy side in most patients; 1 patient in each group had horizontal nystagmus beating to the lesion side. HSN was augmented in all patients who had SN. The mean CP value of all patients with dizziness was 27.56±22.65%. With respect to CP higher than 25% (abnormal), 1 of 6 patients in the BP group and 8 of 9 patients in the RHS group had abnormal CP; this difference was significant (p 0.011, two-tailed Fisher's exact test). The mean cVEMP asymmetry ratio in patients with dizziness was 23.37±18.63%, and that in non-dizzy patients was 21.54±14.75%, which was non-significant (p 0.723). The mean ENoG value in patients with dizziness was 66.75± 20.88% and that in non-dizzy patients was 60.09±19.17%. This difference was also non-significant (p=0.292).
On MRI, facial nerve enhancement was most commonly seen in the geniculate ganglion (n=50; 92.6%), followed by the tympanic segment (n=48; 88.9%), labyrinthine segment (n=47; 87.0%), meatal segment (n=46; 85.2%), and mastoid segment (n=45; 83.3%). There was no significant difference in the enhancement of each segment according to accompanying dizziness or diagnosis (p>0.05).
Difference between BP and RHS
No difference was found in age, affected side, the degree of facial paralysis at 6 and 10-16 weeks, and ENoG value between BP and RHS patients (p>0.05). RHS patients complained of dizziness more frequently: 6 of 69 (8.7%) had dizziness in the BP group, while 9 of 29 in the RHS group (31.0%) had dizziness (p=0.005, chi-square=7.860).
Furthermore, patients with RHS had more frequent pain around the ear (p<0.001), worse facial grade at initial visit (p= 0.048) and 2 weeks (p=0.001), worse hearing thresholds (p= 0.006), and higher cVEMP asymmetry ratio (p=0.018) ( Table 2) .
Prognosis
Backward, conditional regression revealed that initial degree of facial paralysis was independently associated with final recovery (odds ratio=0.225, 95% confidence interval= 0.057-0.894, p=0.034). However, dizziness, as well as other variables, was not a significant prognostic factor.
Discussion
In this study, approximately 15% of patients with APFP had associated dizziness. Regarding the nature of the dizziness, continuous, horizontal-torsional SN without aggravating factors was most common. It was frequently accompanied by nausea and vomiting, and disappeared in all patients within a week.
VN is the second most common cause of dizziness following benign paroxysmal positional vertigo, and the latent reactivation of herpes simplex type 1 is presumed to be the main cause of VN. Additionally, microvascular ischemia in the labyrinth is also associated with VN [14] . Patients with VN have horizontal-torsional SN beating to the healthy side, an abnormal head impulse test, and ipsilateral caloric weakness. In addition, VN is characterized by the absence of auditory symptoms. Although some findings in VN are similar to dizziness in APFP, the major difference was that patients with APFP-associated dizziness usually have worse hearing thresholds and faster recovery within a week.
A previous study reported that SN was observed in 37.3% of patients with BP and in 62.2% of patients with RHS [15] . In that study, no BP patients had subjective dizziness. Direct comparison between our patients and their data was impossible because bedside examination was not performed in patients without dizziness in the present study. According to the literature review, controversy exists as to whether dizziness is one of the prognostic factors in APFP. Our data showed that dizziness was not associated with final recovery. Consistent with our findings, a previous study demonstrated that there was no relationship between the degree of recovery and vestibular function test findings [15] . In a study of 345 patients with APFP, the Yanagihara score and the change of that score at 1 month, and ENoG values were significant prognostic factors [16] . However, dizziness was not. A study of 101 patients with RHS revealed that cochleovestibular symptoms were not related to prognosis and the degree of facial impairment was the most important factor [17] .
In contrast, a large sample study of 1521 patients with BP reported that the presence of vertigo was related to incomplete recovery of HB II-V; thus, dizziness seemed to be an unfavorable prognostic factor [18] . A study of 81 patients with RHS reported that dizziness may be associated with more severe facial nerve degeneration because worse ENoG values were observed in dizzy patients [19] . However, we did not find any difference in ENoG values between patients with dizziness and those without dizziness.
Considering dizzy patients with APFP tended to have worse hearing thresholds irrespective of BP or RHS, these symptoms might be caused by cranial nerve (CN) VIII involvement, not just subjective symptoms. For RHS, hypotheses for explaining CN VIII involvement are as follows: 1) viral transmission through the perineural tissue in the internal auditory canal; 2) entrance of VZV into the labyrinth via the dehiscent facial nerve canal; or 3) reactivation of the VZV in the geniculate, spiral, and/or vestibular ganglion [20, 21] . However, the mechanism for BP remains as yet unclear. We suggest that zoster sine herpete misdiagnosed as BP might play a role but additional virologic evaluation is needed to test our hypothesis.
A recent study showed that intratympanic steroid injection leads to faster recovery in BP, although there was no significant difference in final recovery [22] . In fact, this is a widely used simple, noninvasive technique for treatment of various inner ear diseases such as sudden hearing loss, dizziness, and acute tinnitus. Thus, it might also be helpful for patients with APFP and CN VIII involvement.
On the other hand, abnormal cVEMP response was reported to be associated with poor prognosis [23] . Abnormal cVEMP response reflects the activity of the saccule and the inferior vestibular nerve (IVN). Thus, abnormal cVEMP response in APFP may imply severe involvement of both CN VII and VIII including the IVN, which is less often affected than the superior vestibular nerve (SVN) [23] . Recently, the same group also reported the feasibility of ocular VEMP (oVEMP) response in BP, which evaluates the function of the utricle and SVN. The latency and the amplitude of oVEMP were different according to whether complete recovery was achieved or not [24] .
In contrast, we found that there was no difference in cVEMP asymmetry ratio according to presence of dizziness in the present study. Based on our finding, the question is raised about the clinical significance of the cVEMP response in APFP. Consistent with our finding, a previous study also reported that the cVEMP asymmetry ratio was not different between patients with BP and normal controls [25] .
Next, we found that pain around the ear was more frequently present in patients with dizziness irrespective of diagnosis. Peitersen reported that postauricular pain occurred in 52% of patients with BP and the recovery to normal function was different according to the presence of this pain [26] . The authors' previous study demonstrated that pain around the ear that persisted more than 3 months from onset was associated with incomplete recovery, although initial pain did not affect the final recovery [8] .
With these findings in mind, the mechanism of dizziness in APFP may be associated with the transient involvement of the vestibulocochlear nerve because APFP patients with dizziness tended to have concurrent worse hearing thresholds and pain around the ear. However, transient involvement of the eighth CN appears to be weakly correlated with the extent of facial nerve damage. RHS caused by a virulent VZV infection seems to have a greater chance of accompanying audio-vestibular symptoms than BP. But it is also possible that VZV may sometimes lead to BP without vesicular eruption and/or other unidentified etiologies. For example, vascular compromise might affect the vestibulocochlear nerve as well as the facial nerve, causing dizziness in these BP patients too.
In summary, dizziness itself is not a "strong" prognostic factor for recovery in APFP. In addition, APFP-related pain around the ear or hearing loss may be partly associated with prognosis but the impact seems to be weak. Audio-vestibular function testing, MRI, and electrophysiologic tests such as ENoG and cVEMP may be helpful to evaluate the degree of CN involvement. However, it is clear that the initial severity of facial nerve paralysis is the more important factor affecting the final prognosis, and was superior to other factors.
The present study has some limitations. In addition to the retrospective study design, the number of patients with APFPassociated dizziness was merely 15. This could be overcome by a future prospective, multi-center study. Second, we only assessed SN and HSN during the conventional bedside examination of patients with dizziness. The head impulse test, which is one of the more common vestibular tests that would enable us to confirm the unilateral vestibular deafferentation, was ex-cluded due to the incomplete medical records. Third, we performed ENoG only one time. The ENoG value is one of the prognostic factors for recovery in BP as described earlier, and it may be changed depending on the progression of the disease and the timing of the evaluation [12] . However, our insurance does not cover multiple tests, so we were only able to obtain one ENoG value. This might produce misleading results of the ENoG for predicting final recovery.
In conclusion, patients with APFP may have dizziness in the early stage. However, in most cases, the dizziness is transient and seems to be unrelated to the final prognosis.
